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S everal NDE examination methods are currently being used to inspect heat exchangers and boiler tubes. The tube material of this equipment is made from various ferromagnetic and non-ferromagnetic alloys. The tubes' sizes vary from 0.5-3.5 inches in outside diameter and from 0.028-0.120 inches in wall thickness.
This paper outlines the principles, applications, advantages and limitations of each of the following NDE methods used for these inspections: q Eddy Current (ET). q Remote Field Eddy Current (RFT). q Partial Saturation Eddy Current (PSET). q Flux Leakage (FL). q Internal Rotating Ultrasonic Inspection (IRIS). q Laser-Optic.
Eddy current examination method

Principles
This method employs a probe (bobbin type) that contains one or more AC coils, which induces an electrical field around the tube. The impedance of the coil/coils changes as the electromagnetic field interacts with the material being tested.
The coil is placed in the tube and the instrument is calibrated on a reference standard having known, machined discontinuities. The probe is pulled through the tube and variations in coil impedance are recorded. These changes, which are related to the types and sizes of discontinuities, can be displayed on a screen for final analysis and evaluation.
Phase analysis and signal amplitude are utilised to assess the depth, origin and size of flaws.
Conventional eddy current examination can be performed in either the differential or absolute modes. The differential mode detects small discontinuities such as pitting and cracking, whereas the absolute mode detects wall loss. 
Remote field eddy current examination method
Principles
The remote field inspection method is based on the transmission of an electromagnetic field through the tube material. The exciter coil generates eddy currents at a low frequency in the circumferential direction.
The electromagnetic field transmits through the thickness and travels on the outside surface. A receiver coil placed in the remote field zone of the exciter picks up the field. The separation between the two coils is two to four times the tube's inside diameter.
Any flaws or defects in the vicinity of the exciter or the receiver coil will cause a disturbance in the through-transmission path. Discontinuity sizing with remote field eddy current is carried out using the voltage plane curves. These curves measure wall loss and relate discontinuity depth, length and circumference to the phase of the remote field signal. 
Partial saturation eddy current examination method
Principles
This inspection is applicable to partially ferromagnetic materials such as nickel alloy or ferritic austenitic and thin ferromagnetic materials such as ferritic chromium molybdenum stainless steel. The full saturation probe contains conventional eddy current coil and a magnet. The magnetic field of the magnet saturates the material. Once saturated the relative permeability of the material drops to one.
The strength of the magnets used for saturation is very critical in this technique. Weaker magnets will not saturate the material and will produce a high noise to signal ratio.
The application of a full saturation eddy current technique depends on the permeability of the material, tube thickness and diameter. 
Flux leakage examination method
Principles
The probe consists of a magnet and two flux leakage sensors, which set up a flux field in the tube wall as it passes through the tube. The field fluctuates when it encounters a flaw. The flux rate fluctuation effect is picked up by the coils and displayed on the display apparatus and chart recorder. A Hall effect element can be added as a combined-type probe, which is used to detect absolute flux such as gradual wall loss. The output of the Hall effect detector depends on the orientation of the sensor in the probe relative to the discontinuity and whether the location of the discontinuity is on the inside or outside surface.
The output of the magnetic flux leakage coils is related to the change of flux caused by the discontinuity but not the discontinuity size.
